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(54) THREE-DIMENSIONAL MEASURING INSTRUMENT 

(57)Abstract: 

PURPOSE: To provide a three-dimensional measuring 
instrument which is inexpensively and accurately capable 
of measurement. 

CONSTITUTION: A digital camera 40 splits incidence 
light 53 through an image pick-up lens 41 into three 
portions using prisms 42, 43, and 44 and inputs each first 
and second CCD sensors 45 and 46 receiving green light 
and a third CCD sensor 47 receiving blue and red light. 
The digital camera 40 is arranged while it is separated 
from a target by a specific base line length to pick up 
the image of the target. A microcomputer 50 extracts 
each corresponding point using image data from the first 
and second CCD sensors which are picked up at 
different positions. The reliability of the extracted 
corresponding points is judged by the color image from 
the third CCD image sensor 47. 
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ii^rfe, 25(D^&y^a/;^72 1 

0©K9ttB2 3©*7-^720 0<P#j3{gCtft 

[0006] 

[0007] co*9ft?KiB«T»artt % Jt^oni* 

M&&i>m<tj;^xis£'>ct&$>t). »i£*©eUftffl 
[0008] c©*w(*±e©j: 5amHjS*i»?B-r* 

[0 00 9] 

7zm^xmte-?tdmfrt>m&Lxtt 
ftttft-r ^^»j£^<D(4aw^ffli^T^*ia<DH^7cjK 

tt*it»i"r *=&rolWJRB«. -r^*^*^ 7 1 

-f-*-sHs>t>-i«rtr. =^7citafj*6a«S6«c % n 
30 ±r*n*n»jc^4»j«Mi*«ia-r4*ai, ^2^ 

[0010] 

40 [0011] 

[ftttffl] «TC<0»5B©HttW«:iaffl«r#IHbrKin 

[0012] *rH^7cgt»i«Bcc*5i»r*finw-^2?* 

3o**e<7)^Eiii^4ms5-r^/c^(7)&*^7 3 ui, 
«aB«*an?-r*fc*(o*/;^^3 1 b±vtm?z. 
0 1 r« 2 ^©*^7r«iB-r4J:0 tcig^s tirc>s 
i)\ l£i<Dt?S ^Zftil^X 3 1 a KnVr&BrZEHflt* 
50 tfiPiO, 3 1 brmr<U^9lbLr«Hft«:iRKbr 
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«>£l>. £*7^3 1 a. ttMvZ 1 b<04S«ffitC*S 
^c*ta«J3 0^^ria3 2a, 03 2bK;jVro 
[0013] 0+> *t&<BJ3 0 <b»<D(4S^^K)^>T 

ti^fl^y^3 1 a, 3 1 b©*S*ffiCc¥trt\ 1»f*fflJ 

**„ HfflttX. Y. Z^^e^l/^tafAiP?^, 
Sv3 1 aO«(*|||^*lSWS4 U Xfft«^^53 
1 b <M»{*IM£**» 0 , Zffi«&^7^^3 1 a(D;&$i 10 

<fcO'P 1 POliPll. P02iPl 

2, P034P13. P044P14, P 0 5 4 P 1 5 

3 1 b©ai;*^e>MP 0 1 -P 0 5 , PI 1-P 
1 S^&mZSIZJjS^OMizft k 1 % *1, /c2, <*> 

2, o)2^^tcia^<b, Kfc-rz&moimt-r^TR 

C<D«fc5ttJtK *1. it2» *2, o»2 20 

SStt-MflKC 1 4 LTC»4. 
[0014] tBE*JE«cJ:^T:*^l/3W^fiS'rti«, * 

±©#,©B« (X, Y. Z) BfiacDSffiTWItr* 
flUS^S^rl i0tl>5fcft, tf^OiRttl 

#>CDSigS4 0T, /7^^<0»»fi, »*«±<DffiK<D 30 

[0015] H2tt*»9iK:«S=^7cW-«*!awcfflc» 
54 oq:/p ?^0r&£ o 02£ 
#MU-C, ^^^74 Ote. }§f£U>X4 14, 
}RP*U>X4 1 £i§j&0fc:#5 3£fe#Jirr£/ca6<D:7* 
VXA42. 43. 4 4 4, »fe<W6***-rSSn C 
CD-te>lM5 4, »a<D**536'i-6»2CCDH2> 
Wfe*5J:^fe<D36*S361 *5»3CCD'b 
>tf 4 7 4 4 ffU-Jfr3CCD-fe>lM 5. 46. 4 7 40 
*»6©fi^«:ftWr*©ftiffl4tfft^«^«iII0B4 8 
4, (l^l?n/cf-^^A/D^1^A/D3> 

^-^504, W ^3>b'a-jf5 OCCffiiKSti 
fc, J«g?L/cHI»«:8Bia'r*/c«)Oy *V 5 l 4, 

7x-^52<!:^ e 7*';XA42i7'';XA43(D 

r^fccto , ^';XA434^';xA44^r^cc(d:^m®^ 

[0 0 l 6 ] S#«aBK4 8»SCCD-fe>1M 5. 50 
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4 6. 4 7©Hl*IHO^iU*'t**Jj:C/rSC»*«:ffac 

«rSUftOA^4^^cCDW*fi^-c*0. MtMttUJ 

[0017] a4«H^7cit«'J^HCCfflC>en^iB»^ 

a60«, EI2CC^U/c^>^-7 x-X5 2£:ftbT 
f=^dub*;^4 0Cc«*a3ftS o H4«r#Raor. D 
&B?tf?&g6 Ote, CRTr^yu^li, 
-K634, v)X6 4i*t^-vt;l/3>ba- 

fr4*4fiB*.Ti>* e 

[0 0 1 8 ] mStemi CCD-b>^4 5(DISG 1 
( i . j ) ( i = 1 . 2. M v j = 1 . 2, 

n) <o8s»fi£^:igr*o. meum2 ccD-fe>if 4 6 

«G2 ( i . j ) ( i = 1 . 2. M, j = 1 . 
2. N) (Dfflftl&AmT&K). Em*SI3CCD-fe 
>1M 7©BBRR ( i . j ) ( i = 1 . 2. M. j 
= 2. 4. 6. N) *5j:tfB ( i . j ) ( i = 1 . 
2. M, j=l. 3. 5. N) (Dzmt&xm? 

[0 0 19] m ICC D^>V4 5 4S&2 CCDt>f 
4 6 »H 8 CC^iTJ: 5 IC51»(C 1 /2 iffijR-r rfiS 

7'lW6 1 K^th**. #1 CCD-fe>1M 5 4IS3C 
C D >1M 7 KB 9 Cc^-T <fc 5 fcffli3R|§]±* o fc 0 

[oo2o]0io *> 0 1 i \*&tin,itmmr- z 

©M*?*- 5'(OiiiS4^i«8L/ciii(|j-r r - £<DHR&Sta 
fcBT*4. 0 1 OttSSl CCD-b>t4 54S3CC 
D-k>?4 7©8|J»lit^H*iB*a. 3 6Cc^JcL/ciij» 

if 4 5&J:tfJg3CCD4z>1f 4 7<DIB3R«:^0 % mfi 
«^JiSU/cBi3R«:7Sr. 01 ltt»2 CC D-fe>1f 4 6 

Kfitt»2CCD-b>* 4 6OSi*«r7n0, HfiS 
«^fiJtU/cBI*«:*r. 0 1 OtJjrVH 1 1 (c*jC»tTIB 
JR 1 0 1 - 1 0 8 «^«;3 titeB»<OBHR©-»r * 

[0021] %(cnift«Dddc&s<co^t:ia9]rs. ^ 

Whr (k, 1 ) . g (k. 1 ) . b (k. 1 ) % 
(k= 1 . 2. 2M. 1 = 1. 2. 2N) 4T 
01 0*$J:M2I1 l^MSUT, ^/S^n/ciii^l 

oi-io 8cDG<^r-^w€n-en 

101 : g (2 i. 2 j) =G1 (i, j) 
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1 0 2 : * (2 i . 2 j + 1 ) = (G 1 ( i , j ) +G 
1 (i. j + 1) + G2 (i-1. j) +G2 (i. 
j) ) /4 

103 : g (2 i, 2j+2) = (Gl (i, j + 1) 
104:g (2i, 2 j + 3) = <G 1 < i . j + 1) 
+ G 1 ( i , j+2)+G2(i-l. j + l)+G2 
( i . j ) ) /4 

1 05 : * (2 i + 1. 2 j ) = (Gl ( i . j ) +G 
1 ( i + 1 . j ) +G2 ( i , j - 1 ) +G2 ( i , j 
+ 1) ) /4 

106: g (2 i + 1, 2 j + 1) =G2 (i, j) 
107 : gr (2 i + 1, 2 j+2) = (G 1 (i. j + 
1 ) +G 1 (i+1, j + 1) +G2 (i, j)+G2 
(i. j + 1) )/4 

1 0 8 : e (2 i + 1 , 2 j +3 ) =G2 ( i , j + 
1) 

mmi o i-i o 8ooR(Dr-*te^ft-e*i 

1 0 1 : r (2 i . 2 j ) = (R ( i , j - 1 ) +-R 
( i . j + 1 ) ) /2 

102: r (2 i, 2 j + 1) = (R (i, j-l) + 
3R (i, j + 1 ) ) /4 
103: r (2i, 2j+2) =R(i, j + 1) 
1 04 : r (2 i . 2 j +3) = (3R ( i . j + 1 ) 
+ R (i. j+3) ) /4 

105: r (2 i + 1, 2 j) = (R (i, j-l) + 
R(i. j + 1) +R (i + 1. j - 1 ) + R ( i + 
1. j + 1) ) /4 

106: r (2 i + 1. 2 j + 1) = (R (i, j - 
1) +3R (i, j + 1) +R (i + 1. j - 1 ) +3 
R ( i + 1 , j + 1 ) ) /8 

107: r (2 i + 1, 2 j+2) = (R (i, j + 
1 ) +R ( i + 1. j + 1 ) ) /2 
108: r (2 i + 1, 2j+3) = (3R (i, j + 
1)+R(i. j+3) +3R (i+.l, j + l)+R 
( i + 1 , j +3) ) /8 

1 0 1-1 0 8<DBT~*{£*:tl^ti 
1 0 1 : b (2 i. 2 j ) =B ( i . j) 
102: b (2 i, 2 j + 1) = (3B (i, j) +B 
( i . j +2) ) /A 

103: b (2 i, 2 j +2) = (B ( i , j ) +B 
( i . j +2) ) /2 

1 04 : b (2 i, 2 j +3) = (B ( i , j +3B 
( i , j + 2) ) /4 

1 05 : b (2 i + 1 . 2 j ) = (B ( i . j ) +B 
(i + 1, j ) ) /2 

106 : b (2 i + 1, 2 j + 1) = (3B (i. j) 
+ B ( i , j+2) +3B (i + 1, j)+B(i + 
1 . j +2) ) /8 

107:b (2i + l. 2j+2) = (B (i, j ) + 
B ( i . j +2) +B ( i + 1 . j ) +B ( i + 1, j 
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+ 2) ) /4 

108 : b (2 i + 1, 2 j+3) = (B (i, j ) + 
3B (i, j+2)+B(i + l. j)+3B(i + 
1. j +2) ) /2 

iai 2\mmmm&m.Go<Dfttj:5MtiT'7a?zr^<Ds 

LT, ZT^-?>b'At)Zft% (# 1 ) . =»v>KO*iJ 
SiJ^uaa^toS^^ay^A^^-r^ (#2-# 

9 ) o mmxtfv btxix ( # 2 v y e s ) , mfc?- z 
10 A#*fT&i» (# 1 0) , tu^Aofrhmi*?-** 

SSiitfo fBSiS3 7>Ft*h«(#3TYes) , 

tBE«e©w#**frr* (# 1 1) « mmmxt)^ 

(#4TYes) , »»*A#«rfT*Cl> 

(#12), «s«jeiHw««c*s 1 iut^fc»afi 

<DmX8t<Dm*##>Z>o «'I^A^73V> Kr**itf (# 
5tYe s ) . ffl5&&A**tffcC> (#13), 25688 

(#6"CYe s) , »J5EMi«R*ff&C> (#14), tB 
mtRTo SigffiA#:3v>Kr£>fttf (#7TYe 

s) , mmmAJjz'ijtf:*) (#15). 
Kr*n« (#8rYes) , -*mK&>krfto> (# 1 
6) . 2,Wi^ItgtS, K3aW3E3v>Kr* 
n«(#9-CYes) , **j£>5*S5£3ft/cSiSffi* 
r<DB«*H«^*?li3«3E*!ftt5 (#17). 
[0 0 2 2 ] ^«cfi*B*±cDW^«3e<3!)fc«)©tBB8 

[002 3] ffStSttT** X7'U-/6 l±«:«^3*i/c 
^^^ffl^tAAn. tTF, A^^^/cCi^coiii 

[0024] *HiWriiA^$n/cU7 r u>^ec 

^« ^/c^U7 7U>X^OmXn (m, n 

[oo25] imtcfflc^n^ r u>xmi%<Dmm 
(i. j ) . v^y'timisuDmM&P. (i, 

j ) ( i = 1. 2. M, j = 1. 2. N) <L 
U »!6jS<3!)»*«BB«:* 5 P*|fiI±XS 1 KI#|fij£±Y 
Siti, Si3R(D^:*3«:*¥Cx, ilCyd:« ( 

50 xMti^r (x r . y r ) il, U7 7 U>X,^ci^ 
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l>m*£p, ( i, . j,) <bU Pr ( i , . j r ) 

Tim x n U7 r U >^ ? J' 

it**. ?>?*MMDxyttttU:CCx. = x, . y, 
= y r k?Z>WL<DVl;7)\'& (x, . y, ) C 

fcifi<->Ii3?£ p. (i„ . j, ) iU p 

ys xs 

H(k, 1) = £ _ 2 J P(io + k + i, j„ + 1 + j) - p(i rt j r ) | 
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%7t)\,?Xiv>?t-t *BBa<DPffiffl*H (k. 1). 
(k, lttSSSrC, -XS^k^XS. -YS^l^Y 
S) <hU ^<Dit»tC<tDg¥fflSffl*^*S. 
[0026] 
C»l ] 



(-XS^k^XS. -YS£l£YS) 



¥^[6iec + xs, ^a^tc ±ys ©ffifflr l mm?~? 
is? bbu&t>mm<DH u. i ) &mmi$m-?z> a 

*£<fr£k. l,o»H(k, DMR'NcttS 
k, 14k. , 1. U>X«£Ctttfi>T 
4*>^k*(x. . y. ) <Dffi«U\ 
x, =x 0 +Cxx k. 

y, =y» +Cyxi. 20 

[002 7 ] ^JOfcWrWCOIHlLCCfflCiSBBft^* 
iOTmi CCD-b>f4 5CDttJ^iii^G 1 . H2CC 
D-fe>iM 6<DtU^il»G2, f&3CCD-te>lM7CD 
fftfe©lB*a«R % *Jcta f ^3CCD42>1f4 7cD»fe 
<£>tti;»<j* B 4 <@cr>*T ^ r^Uji^, 

[0 02 8] m*H«Gl. G 2 , R, B£^n^ttl4 

c (k. 1 ) , He, (k f 1 ) % H, (k. 1 ) % H. 
(k. 1 ) «t»T*. H B1 (k. DttGlf-^/c 30 

»*mi>xn*Litim0Bma. h«, (k. d kg 

* (k. l ) «Rf r -^/c^4fflc>rit^l//ctBWc7)f? 
ffiffi. H B (k. 1 ) [ZBf-ZtcWZm^Ximbtc 

tmommmvihz. c<ds*>, mmmu Q1 (k, i> 

4H„ (k. I ) frh*ti*tiV>-7JV&P 9 * t (x 
>ci . y.ci ) *5<£tfP. CI (x, C2 . y fCI ) 

«TOW-»*«cJ:0^>^jSP5 (x. . y. ) 

[0 02 9 ] x, = (x, cl + x iC , ) /2 40 
y. = (y.ci +y.c, ) /2 

(k. 1 ) . H. (k. 
I ) frbltl'^fr&Pu (x, . y. ) fcJcO'P. (x 
. . y. ) **«>^>^jSOfflBft*WB-rS. D 

.rr ZM^KmiCLX. (X, "X R ) 2 + (y, -y 

* ) » ^D, rr ttc\t (x, -x. ) 1 + (y, - 

y. )' £D. rP <D±£, ^Dlf>7MPs 50 



(x, . y, ) 3t»6*>^jaP B (x, . y R ) £fc 
WP. (x. . y. ) *r<OgE«*«*Sfia«±^#C> 
^cDif>^U^Ps (x. . y.) telElA>1f> 

[0030] ±rl»H^ b/ci o ec. *^«"Cttffli»© 
^n^r^CDiMMlK^ffl^riii^^-^G 1 , G2 t 

r, B<DmmT-zzccD(Dmm<D$:ycmickbM-rz 

[0 03 1] «T\ nm<D%L*LlCLtc&~>X&y'V#^ 

(1 ) 

*riS 1 iCnkTX >) te#t&13}3 0 <Dm&£&fifrhltiL& 
[0 03 2] (i) £^73 1a, 3 1 bfffl<DS 

( i i ) *t^3 o±<o&M<o2jm<onra <«ts 

[003 3] ( i i i ) ^^73 I a ^/c^S^y 

^3 i b^^»m^±©ffis©^^rcD^gi mr. m 
mmmtwx) /c<h^^, i*^73 1 a 

[0034] (2) Hter-^CDA^ 

f r ^^;l/^^^4 0<D^>^-^x-X5 2CCfi«-T 
4. Hi«»««IB6 0©W»l^ay5A*ita«pbr % IB 

2*>6iffl{&7*-*A;fcn/~*> (*io)^ 
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[0 03 5] HI 3\*m&?~ Z A3l<D)\>~*^*tt 

2. R. 0frt>m&MVimm;6 o^a^t 

£ (#3 0) . ^Ztltcm&^-ZlCftL&lClitWL 

ic£^te&m*mxx^mm&T (#3 

1) v f^7*u>f6 \ K.^mm*m.^z> (#3 

2) . 13&tm&K.ftmfc c ?~*tG\ . G2. R. B<E> 
At), ^mm&y"- 50)£f&, f 4 X7'U^/ 6 1(D^ 
in*mc5 (#3 3-#3 5)„ ^tcR«cBiWU/cJ: 5 
KfcfeBjflKDG 1 . G2. R. B7*-*Ct>tfOTi£T^ 

&&£VK$Lm&m : TUt>ti (#35) % f^x^iw 

tcf|^3tt£ (#3 6) . ^"C^a^AttH 1 2 (D 

[0 03 6 ] (3) mm&<DAj] 

**fTte5. il^A*37>F?:AM^<!:, 01 2 
JCinL//c^a^^A(i#5^^# 1 3^feU, 
<DAJl>l'- : ?'>lrCA&* CCOrU-^>fc:oi,>-t0 1 4£ 

[0 03 7]ii4 *#jHur, a«5&&A#;u-*>tc 

fcOTtt, $?WA<D? V v >?m%t.t£*> (#4 
1) . *crJ#A«J3 0±<DAX#^> hCCtsft:l».£ft 

ZEeH«<D*fJCEiS*l»3EL/ (#4 2) , f^7'U^6 
1 (#4 3). ffi£«Jg»SR(cXff3tlTC) 

4*«Mf*^K#44) l »fsnr^n« 

(#4 4"CYe s) , ^A^OfcaHSg^lO^^ffia* 
fUWS (#4 5) . *ftM«J^3SfT3ftTI,>tcW 
htf (#4 4tNo) , Wfcti-rccy ^>;u-^>-M 
•?tH12©#ir37>K^iftS 0 C<Z><fc5tt»J 
5£*<DA#*it*iMU jMr< <bfe5flifeLh©»B£iS*A 
^•T -So »J3££J*'<X*W > h <b LT*J>fc < i 5 «£A 

^rA^L/T*5i>r*>Hb^^c> 0 
[0038] (4) mm. 

£5«£JSU:&tKT£. ^^>hiSWnv>|'^A^TS 
^^7^1*8 1 2<D#6*»6# 1 4^5>«^^o 

I 0 0 3 9 ] 0 1 5 SrMSLT, i«JgMaWR^-^>*c 
ASiJfv^x^i'y^^W^ (#51). * 

3i£It3?T<*> (#52). im5n/c?ESt^*>^liJS(D 
«i^DA^l^^^^^*iJK*r^ (#53) . <fc£fMJ[g 
<DffiJ;»3>h3WttU: (#5 3-CYe s ) , iM5&S#aiR 
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[0 04 0] [SJfifc:. a!KOf3W£lgigU 

'NfrttU «2«5E*tT&5. HI 6tttHE«5£<D*:/ 

io rc^i9J5E^5(BI^±^^^<t ^^^^^ ^-r£ 
(#6 1 ) o 4ffl«T<D»£tt (#61tNo), X7 
-*7n*Ute» (#6 5) , y-/^l/-^>'sR5, 5 
ffl«±*4«^W (# 6 1 TY e s ) . &m<Dlj&xm 
S«£ltff£fTttl> (#62), ^SPSSS^/c 1 , 4> 
1 v /c2, 0 2, '<o2£«&fcfft v RCcA*3nrc»S 
«3BS©*^l/ffi««:H-||frS (#6 3) . %lr»rSIR 

shrt>fcawij«©aif?«j»<:jw»u (#64), 

[004 1 ] ( 5 ) S^ffiCD A*> 
20 ^c*7^<affiR£#^ # 
ffitt«*C»9I 0 ft: «fc 5 JC 2 fa <D ^7 y ^ <DS«S*ffll i £ 
-ftm. »»«!±<DfiESOW»©^fffi (BBS) 

ffi****. HI 2«c*jlir*rS!|l«A*n^> K*A 

A^-^-mca*. 

[ 0 0 4 2 ] H 1 7 «S!»aA*^-^>©rtS47Sr 

7P^t-hr*s. Hi7£#Mor, swsa^ 
;i/-^>cc*j^r^. *r»ai«<o«ffl©A*fS%4tt 
30 4 (#7 i > . ccvmm&tLxmm&zmv. mz 
mcmmuxi6i>tcmm&Bo *Att*>t (#7 2-c 

Yes) , ^iUOttHfiBISB, /B<E>{8CCJE#f 5 n 
fc»(#7 5), RCCA^iSKoay^O^^ffitt*. 
MK3hfcB*fflt>Ttt*ua-r (#7 6) . 
[0 04 3] S?Sfii l/r»*«©tt*©8B»ct>^i6 

t^o ^<3DR«"CSHISA^n-7> K*A*0. # 7 1 r 

40 mm&<Dmm<DAt>tt%<D±z&mmm±uxmmM:Z 
(#73rYes). cot*wa«t)t«©M5ejS©» 

«^«9^L2flrtt»ti» (#7 7rNo) , x^- 
Wn*l>XM Jl'Jis-ry^mZ (#8 2) . 

[0 04 4 ] a««j»<zwjj&*«>tt3&«2iir*n« ( # 

7 7 "CY e s ) . aKWIa>jAmORNlL s ti 
(#7 8) , ^^iUOSttSBU. BxLo /LsCDffl 
«cEiBf3^/ca (#7 9) . RCcA^^(Oifl'J^cr)^-r 
iUffi«*M»r3ti/cB*flHt>r«-»Ltt-r (#8 0) . 

so 'X^xmm&vmmm&mmL (# 8 1 ) , y 
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[0045] mmmt Lxzt&tozvo&m mm& 

K«rA*f ZfftKZO&tmVWmic LX WWWi 
^(Dt^rSigSA^vv K*A2ri 

mmmmaau. mz*ttcm&ox*s\,*tcmwmi& 

Do *A*T* (*74tYes) 0 C aft 

ft« (#8 3TN o ) , X7-S^Ut^ -f>;l/-* 
>^R4 (#88), SKtmoa£A0tt*s i nr* 
htf(#83tYes), a««M©ja*r©re«D s 

#itl>3ft (#8 4) , *f;l/0lSfiBttBXD, / 
DsCDfiBKESfri?*! (#8 5) , «CCA#»<&»J5&&<& 
*^ffiei*K«S*ifeB«rffll»rtHIUil[-}- (#8 
6) . *C»rM3£.#,CDja««3»«:l»|»L (#8 7) % ^ 

[0 04 6] (6) -*&mm 
^6«Be<D3^>K*A*-rsBfrec. »J5tbfci,»8B#<D 

i e^»ttr*. 01 8^#Mittaiif^-^ 
[0047] c<DJi/-^>rB*ratRtti8©awje^<o 

(#9 1), 216W©4 8B (#9 1 
TNo), x^-*in*l//ca (#9 5) % ^^>;b- 
^>^R£ 8 aW«ffi<D»J^AJ2{HOJS^« (#9 1 
tYes), *<D2 *rffl<Dffi«*it»-rS ( # 9 2 ) . 

a!K^nrc^2,^o[)' : ef r ;L'@g^^^n^n (x i , y 

1. Z 1 > , (X2. Y2. Z2) i-T*i2i*|ffl<3Dffi 

[0048] D= { (XI -X2) a + (Y1-Y2) 
1 + (Z 1 -Z 2) 1 } 1/1 

MJEIiSttTW *:/U>f6 IKSUt^J-i (#9 3) , fflj 
J&ft©aiR««*JJWI»Sti (#9 4) % y-/>;U-*> 

[oo49] (7) mmmxt) 

t bxmmzitm? z c t **c# iss imjeicjfcfi: 
«c^ti«&6«cc^ a»ffiA*«:tTtt^«ctt % 

*iM5&S* 3 j^atRKSMC LTT^aUMA 
*3^>K*A*-r*. SmMA^<D;U-^>r«aiR 



(7) 1$&3¥8-2 0 1 02 3 
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XZ>. a«3lifc3MM>ffi«4 (XI. Y 1 . ZD. 
(X2, Y2. Z2) . (X3. Y3. Z3) . ffi(D# 
H5££Z = aX+bY+cint, a. b. ctt«T 

[0050] a = { (Z2-Z1) • (Y2-Y3) - 
(Z2-Z3) • (Y2-Y1 ) } / { (X2-X1 ) 
• (Y2-Y1) - (X2-X3) • (Y2-Y1) } 
b={(Z2-Zl-a) (X2-X 1) ) / (Y2- 
Yl) 

10 c = Zl-a-Xl-b-Yl 

m 1 9«0 1 2(D# 1 5XnkLtcmmMAf))l-^>i 

3hfcM£iSsP3j£/Cttl:mK (# 1 0 1 TNo ) , x 
>;l/— (# l 04) . a 
K$n/c^3^*^ (# i o i rYe s) , ±r 
iftBJU/ccfc^tcsiSiffio^fl^/crfcf* (# i o 

M#103). 

20 [o o 5 i ] (8) mzmm 

*^(X0, Y0, Z0)^6¥IZ=aX+bY + 

jfi(Xh. Yh. Zh) i-rSi»©SCr*to3ti*. 
[0052] H= { (Xh-XO) a + (Yh-YO) 
1 + (Zh-ZO) 1 ) 1/1 

Xh = { (l + b a ) XO + b (ZO-b • Y0- 
c) } / (a 1 + b a + 1 ) 
Yh= { (l + a a ) YO + b (ZO-a • X0- 
30 c))/(a a +b a +l) 

Zh= { (a a + b a ) ZO+a - X0 + b • Y0 + 
c) } / (a a +b a + 1 ) 

v>K^rA^*r^<b, mi 2<£ffkLtcS>( »1-*>IC 
fcl>r# 9rt>6# 1 7^#«U H2 0(O1/-^f> 
KA£. frmm¥>mt>mcAJl$tiX\,>Zfr£5fri 

^^i(#ni), A*snri»«cwntt (# i 

40 1 ltNo) , :£^-aw**ffttl»y ^>^-*>^R 
S (# 1 1 5) . *«Ura#Art3*iTt>ti« (#11 
lrYes) . a«3<irt^*>6JSWH*-C©?E(i 
tttJtO (#112), 9 e 4*7 r U<fK:ftn%b (# 1 1 

3) . mm&vmiRiRmzmmLs <t»\,-*^m* 

(#114). 

[0053] y_b. ^igwo^jsw^a^rw^ffl^ift 
mmmmiz. »b?u>x4 i ©i»f*wj£«5 1 

50 iri^tt, HBPCC*S-ii:/c/7^5<DWa^^^^/cWC 
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fiSfcWfttfft^&l*, c CXtct?L\tttM 5<D=Mtt 

corns. m%.Ltcmm&<DWim& 

10 0 5 4 ] 0 2 1 UilS v(D=JWtal;©aa^S*(C 
2 1 iJJ^^TA 1 1 1 t*3fc*t 113^ 

Tztmis^xi i 2i, z»di i stztits. % 

1 3tCSpmCzf**, *M^1 1 1 {CTK^InJfCxtt 

4, mm-fimcymzmox^ictz. «eu>xi i 

2 <D^f*§J£a i 1 4 (Dx y z ffiti±<7){ia4 ( x c . 
yc, zc) it^i, 01l:#MUt£^y53 1a 
OHJWtattOiajBi^^ffiaOM*, :&*M^3 1 b 
ttHWiaCOiaiBSr^^UffiS© (B. 0. 0) £T 

&*7^3 1 a«-e<0(igrHW^C 1 1 5**4> 
«C. Yf4OiEO^tc^^rai51 f ;CC0 l, zwkdie 

(,>S e £#^3 1 bte^cDfiar^WfcD 1154* 
4>CC, ZWOJEO^tCfSj^^r^lpIOtC/c 2, YI*(E> 

iE^^i&icc^or^ini^^:^ 2, x$iWciE<D#fticfa 

^0X^(110^0)21011^^/^^4^1^1^. 
ot, fr)imn±.<D2E*st?3 1 a ©«J(*IM3E«S<D{4 
S(X1. Yl, Z 1 ) *5<fcO'*^y ^3 1 bCDl}j(*ffliJ 
£*<E>f4K (X2, Y2, Z2) tt^<D<£ 3 ft 

*• 

[0055JXl = xl ■ cos*l - cos/cl-y 

1 • cos^l - sin/cl-zc'sin<M 

Yl = x 1 • s i n k 1 + y 1 • cosd 

Z 1 = - x 1 • s i n <M • cos/cl+y 1 s i n tf> 

1 • s in*l-zc 'Cos*l 

X 2 = x 2 ■ cos</>2 • cos/c2-y2 • cos* 

2* sin/c2-zc • s i n 2 + B 

Y2 = x2 ■ (coso)2 • s i n/c2+s ino>2 • 

sin<£2-cos*2)+y2 - (coso>2-co 

s«2-s inw2 • sin<£2-sin/c2) + z c 

• s i no)2 • 2cos^»2 

Z2 = x2 • (sino)2-sin/c2-coso)2- 
s i n*2 • cos«2) + y2 • ( s i n co 2 • c o 
s/c2 + cosco2 • s i n02 • c o s /c 2 ) - zc 

• c o sw2 • c o s tf> 2 

^tCWt0S^S4tf/cCo-C/c 1 , 0 1, /c2, *2. 
o)2<E><iI#fil5EU SitffliLrStS^B^A^^n/c 
i#CC±gecDIIfiC4HtfO"CX 1 . Yl. Zl. X2, 



(8> ^¥8-2 0 1 02 3 
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Y2. Z2 4#a&. ^CD^4ffl^r^»ffliJ^4^<h 

L/cgiagB c 4it»-rn«j:c> D 

[0056]Bc=((Xl-X2) 1 + (Yl-Y 
2) 1 + (Z1-Z2) 1 ) ,/a 

10 *B2 2 4ffll>tlHBn. 

[ o o 5 7 ] m 2 2 ttm«wccs«ft*M5e-r 

I 2 3<h;&*^l 2 4i*flai»r»ft»l 2 

II 2 2*fflt»r»BE-r^*>Oi-r*. Mil 22(i 

(Dr**i«fflrfcJ:t^ «J|SL 1 2 2tt£#^ 1 2 
3. a^^^i 2 4cD£^6#>6&ll;i&{iaCca^ft 
ri,>& 0 c<&tK.®r£#^rl»3IL l 2 2<oH«*j<fc 

20 i 2 2<Dm&te&vmmA 1 2 1 cDHH»4^ft^ft 
mm z>. ^£K>*m<DMmM:Bvztm , toi 2 1 

2 2©B«*«W?*a. JaFJU/ciSf^cD^^ef?? 

^i/ 1 2 2<^«KL/cii«**jiffi0a(OH^itffl'j^a 

Siil 7tC^b/cS*£aA#^-*><D# 7 9rS*£ 
S B £ ft £ . C CDSI^g B fcfctt 1 2 1 <DW& 

[0 0 5 8 ] frfc, *HS6W«:j:fttf % ffM CCD-fe> 
If 4 5 iS2CCD^>1^4 6*«St»Cc 1 /2Wm&h 

30 Hfrsea^ftrc^-s/c^ #^-~#>^r&o&# 5 £>> 

[0 059] 

U *<DfflHlSftfcMJt;^<D«jffit44»2-<^-^-t2> 

[M2 ] C©«^«c«S=^5cit#JKa«cfflt*e>ft-S* 

[03] /yy^OTWMJtttWBtft*. 

[04 ] =^5clt»J»««:ffli^ti4ys-y^;U3>t; 

50 [05]»lCCD-fe >-9-OS36ffiOSB»flt AH r * 
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[07]|&3CCD-te >^<DS#E©^>te*0r* 
[08] ^lCCD-fe>^i^2CCD-fe>1f(Diii^or) 

{4gra&*;rvr0r#>£ o 



(9> 1$Pa^8-2 0 1 02 3 
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***. 

to&<D0r*£ o 
. [022] raswtc^y 7<Dmm&zmm?z>jf&z& 

[02 3] «*(D^iiJfi^g(D^f*m5i^^ 

*0r#>s„ 

[02 4] CCD-fe>1^2 0 3CDS7tffiOgP^>fi£;^:0r 



[0io] $k7nmm&7 : ~z<Dmmtmi to^vmsc io [025] ^y*o*M^2 1 ooyn ^0r&s o 



[01 1 ] ^ffli®^7 ? -^CDiii^<b^2CCD-fe>1f 

coiii^<7)fii[iiM^^7nT0rA ^. 
[012] ^^>;u-^><D^a-^^- hr*^ B 
[013] Wf-^A^-f>©7P-^t-h-c 

[014] il3t,^AM-f>©7D-^t- h"C& 

[0 15] iffj^JS^-^>cD7p>-^^^hr* 

[016] mKmmfr-rxDya-?*- ht*^ 

[017] liiAM-^XD^n-^t-h-c* 
*• 

[0 1 8 ] ^ttilffi;b-f>07a-^f - h-c&£ 0 
[019] S^MA^l^^o^a-^*- hr#> 
4. 

[020] mzmms -oji-f-xoyo-**- hr* 



[02 6] CCDt>t2 1 3CO$7t®<Z)gU^ffiA0r 

3 0 »H«5 
3 1 a &fJ^"y 
3 1 b ^iJM^y 

3 2 a, 3 2 b ft 

4 0 -r^^;U^y 5 

4 1 m&u^x 

20 4 2.4 3.44 7''JXA 

45 SH CCD-fe>* 

46 !&2CCD-k>1f 
43 ^3CCDt>t 

4 8 mmemmm 

49 A/D3>^-^ 

50 7^a3>ta-^f 
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[1314} 



[1315} 




Gl(i-i.M) 



GKi.j-i) 



Gl(i+l.j-i) 



Gl(i-l.j) 



Gl(i.j) 



Gl(i+i,j> 
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-201023 



[09] 



[02 1 ] 



Gl(l-i.j-i) 
R(i-l.j-l) 



Gl(l.J-i) 
R(l.J-l) 



Gl(w.j-i) 
fi(i+l.j-l) 



Gl(i+2.j-l) 
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61(1-1. J) 
BU-l.j) 
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Gl(iH.j) 
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GK1+2.J) 
B0+2.J) 



GKl-l.jH) 
R(l-l.j+l) 



Gl(i.jH) 
R(i.j+D 



Gl(M.jH) 
R(i+l.M) 



Gl(l+2,j+l) 

R(i+2.j+l) 



Gl(i-l.j+2) 
B(i-l.j+2) 



GKl.j+2) 
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